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Abstract 
     Utilizing compost derived from waste offers an alternative nutrients source to cultivate microalgae for biofuel production. 
This is because compost is a low-cost nutrients source which contains high amount of nutrient composition that suitable for 
microalgae cultivation. Thus, in the present work, plant-based compost and animal waste-based compost were used to cultivate 
Chlorella vulgaris. The results shows that C. vulgaris favoured to grow at the following condition: 50 ml amount of goat waste-
based compost, under pH of 9, and illuminated continuously for 15 days using fluorescent light. Based on these cultivation 
conditions, 30 % of lipid was successfully extracted from the dried microalgae biomass.  
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1. Introduction  
     Fossil fuels are one-time energy gift to the human race which is deemed valuable. In 2008, the annual world 
primary energy consumption was estimated at around 11,295 million tonnes of oil equivalent [1]. Ever since the 
beginning of the industrial era, mankind has been emitting large amounts of greenhouse gases (GHGs) and other 
radioactive gases into the atmosphere as a result of fossil fuels usage. The atmospheric concentration of these 
polluting gases has been noticeably rising, with atmospheric CO΍ concentration currently closed to 390 ppm [2].  In 
order to achieve environment and economic sustainability, fuel production processes are required to be renewable 
and capable of sequestering CO΍ from the atmosphere. 
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     There are a lot of renewable energy resources such as solar, wind, tidal, and biomass that can be used to generate 
energy as an alternative to fossil fuels. From all other energy, biomass is expected to become the most prominent 
renewable energy source with a four-fold increment to 23% of total world primary energy by the year of 2050 [3]. 
Besides, biofuels are important and reliable substitute to fossil fuel with the privilege such as sustainability, 
environmentally friendly and good adaptability. A biofuel is a fuel that is produced through contemporary biological 
and chemical processes, including anaerobic digestion for bio-gas production, yeast fermentation for bioethanol 
production and transesterification for biodiesel production.  
     The alternative fuel that is gaining increased attention from researchers all around the world is biodiesel. Recent 
studies from U.S. Department of Energy showed that the production and use of biodiesel, compared to petroleum 
diesel, resulted in a 78.5% reduction in carbon dioxide emissions [4]. There are different feedstock for biodiesel 
production, such as pure vegetable oils, waste cooking oils, and animal fat. However, limited supply of these 
feedstock impedes further expansion of biodiesel production [4-6]. The alternative solution to this problem is 
cultivation of microalgae for biodiesel production. The advantage of microalgae farming is that they can be built on 
land which does not has any agricultural value. In addition, microalgae are able to convert the sunlight and 
assimilate CO΍ in order to grow while producing oxygen and secondary metabolites.  
     For the purpose of low-cost production of microalgae biodiesel and also for environmental sustainability, 
compost can be used as an alternative nutrients source to cultivate microalgae. Thus, this work aimed to evaluate the 
laboratory cultivation of C. vulgaris using nutrient from compost for biomass and biodiesel production. The effect of 
various cultivation parameters such as amount of nutrients, pH value and light intensity towards the growth of 
microalgae were systematically investigated.  
 
 
2. Materials and Method 
 
2.1 Pure Microalgae Strain and Culture Condition  
 
     C. vulgaris was provided by Prof. Lee Keat Teong (School of Chemical Engineering, Universiti Sains Malaysia). 
The microalgae was preserved and grown in Bold’s Basal Medium (BBM) consisting of : (1) 10 mL per litre of 
culture medium with the following chemicals: NaNOΎ (25g/L), CaCL΍.2H΍O (2.5g/L), MgSOΏ.7H΍O(7.5 g/L), 
K΍HPOΏ (7.5g/L) , KH΍POΏ(17.5g/L), NaCl(2.5g/L) and (2) 1 mL per litre of culture medium with the following 
chemicals: EDTA anhydrous (50g/L), KOH(31g/L), FeSOΏ.7H΍O (4.98g/L), H΍SOΏ(1mL), HΎBOΎ(11.4 g/L), 
ZnSO4Ώ.7H΍O (8.82/L), MnCl΍.4H΍O (1.44 g/L), MoOΎ(0.71 g/L) , CuSOΏ.5H΍O (1.57 g/L), Co(NOΎ)΍.6H΍O (0.49 
g/L). The initial pH of the medium was adjusted to 6.8. The seed culture was grown in a 100 mL Erylenmeyer flask 
containing 50 mL of culture medium, aeration with compressed air, surrounding temperature ranging from 22-25°C 
and illuminate with cool white fluorescent light (Philip TL-D 36W/865, light intensity of 60-70 µmol m-2 s-1) 
continuously [6]. 
 
 
2.2 Cultivating Microalgae with Compost 
 
     A plant-based compost (derived from peat moss) and animal-based compost (derived from goat waste) were 
purchased from the local market. 10 g of the compost was immersed in 600 mL tap water and stirred for 24 hours 
using magnetic stirrer. Non-soluble particulate solids were observed after the stirring process and were filtered using 
filter paper (Double Rings 101). Subsequently, a pre-determined volume of the organic fertilizer medium was 
introduced into a photobioreactor with 5 L of tap water (without sterilization) and the pH of the medium was 
adjusted according to pre-determined values. Then, C. vulgaris with initial cell concentration of 0.3 x 106 cells 
(around 10 mL from the seed culture) was introduced into a 1 L Erlenmeyer flask. The flask was aerated with 
compressed air continuously and illuminated with cool-white fluorescent light (Philip TL-D 36W/865, light intensity 
of 60-70 µmol.m-2.s-1) [6].  
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2.3 Measurement of the Microalgae Growth 
 
     A correlation between the optical density of C. vulgaris and biomass was pre-determined. Optical density (OD) 
was measured daily at 688 nm by using spectrophotometer. Then, 10 mL of sample was discharged from the seed 
culture and centrifuged at 10×1000 g for 5 min. The centrifuged microalgae biomass was further dried in an oven at 
100 °C for 24 hours [6]. All the samplings were performed in triplicate. The obtained correlation is shown below:  
 
Dry weight (g/L) = 0038.06307.0 688 u nmOD , R2 =0.9949                                                                                  (1) 
 
     The specific growth rate (µ) of microalgae was calculated by using the following equation:                         
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where NΌ and N΍ are defined as biomass concentration (g/L) at time tΌ and t΍ . 
 
     Meanwhile, the biomass productivity (P) was calculated using the following equation: 
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where Nf is the final reading of biomass concentration (g/L) and Ni is the initial biomass concentration (g/L). 
 
 
2.4 Microalgae Harvesting and Biomass Collection 
 
     When the growth of microalgae had achieved the stationary phase, the air aeration to the cultivation medium was 
stopped. Then, the microalgae was left to settle by gravity to the bottom of the Erlenmeyer flask for 2 days. After 
that, the microalgae biomass was collected and further dried in an oven at 80 °C for 24 hours. After that, the dried 
microalgae biomass was sealed in an empty container for subsequent lipid extraction [6]. 
 
 
2.5 Microalgae Lipid Extraction 
 
     10 g of dried C. vulgaris biomass was placed in a cellulose thimble and Soxhlet extractor was used for extraction 
process. Methanol-chloroform with volume ratio of 2:1 was used as solvent for the lipid extraction process. A total 
of 250 mL of the mixed solvent was placed in the Soxhlet extractor and heated to 60-65 °C for 24 hours. After that, 
the solvent was evaporated in a rotary evaporator and the leftover lipid was collected. The extraction was repeated 
twice using the same solvent for the residue that was left after the evaporation. All sampling was conducted 
triplicate [6]. 
 
3. Results and Discussion 
3.1 Effect of compost types 
 
     The nutrient uptake by microalgae is affected by the overall composition of the nutrient available in the 
cultivation medium, in which nitrogen and phosphorus usually act as a building block for microalgae cells to 
reproduce. Hence, there is always an optimal or balanced ratio of N/P exists to accelerate the growth of microalgae. 
682   Kinosraj Kumaran et al. /  Procedia Engineering  148 ( 2016 )  679 – 686 
     There are two types of composts that could be derived from waste, mainly referred as animal-based compost and 
plant-based compost. The main difference between the two composts is the nutrition content. Compost derived from 
plant usually contains low concentration of nitrogen-phosphorous-potassium (N-P-K) compared to the animal 
compost [7]. Fig. 1 and Fig. 2 shows the growth performance of C. vulgaris in peat moss compost and goat compost, 
respectively.  
 
 
Fig. 1. Effect of nutrient concentration of peat moss compost towards the growth of C. Vulgaris. Culture condition: 
initial pH= 3, amount of seed= 100 mL and illuminated for 24 hours continuously for 16 days.  
 
 
 
Fig. 2. Effect of nutrient concentration of goat compost towards the growth of C. vulgaris. Culture condition: initial 
pH= 3, amount of seed= 100 mL and illuminated for 24 hours continuously for 16 days.  
 
     From Fig. 1, the highest biomass yield of C. vulgaris was 0.67 g/L when the microalgae was cultivated with 30 
ml of peat moss nutrient. It was observed that the growth of microalgae increased from 10 ml to 30 ml and started to 
decrease from 40 ml. Although 40 ml and 50 ml of peat moss compost have higher nutrient concentration than 30 ml, 
however, it may also induces severe contamination to the cultivation medium and thus, resulting to slower growth 
rate of microalgae. Furthermore, it is also suspected that there is presence of herbicide in the plant compost itself.  
     On the other hand, from Fig. 2, it shows that the highest microalgae biomass yield recorded was 1 g/L when the 
microalgae was cultivated with 50 ml of goat compost medium. It can be concluded that the goat compost contained 
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higher nutrients concentration than the peat moss compost, in which the nutrients from goat compost is suitable for 
microalgae to utilize and thus, accelerating their growth. This observation was further supported in Fig. 3, in which 
the highest microalgae biomass productivity cultivated with goat compost was 0.0513 g/L/day compared to peat 
moss, which was only 0.02105 g/L/day.  Thus, goat compost was selected as the cultivation medium in the 
subsequent growth parameter study. 
 
 
Fig. 3. Specific Growth Rate and Biomass Productivity of C. vulgaris in peat moss and goat compost 
 
 
3.2 Effects of initial pH 
 
     One of the most important factor in cultivation of microalgae is the pH in the culture medium [8-9]. Most of the 
microalgae can grow under neutral to alkaline range, however, there are some species of microalgae that can grow 
well under acidic condition (as low as pH 1) [10-11]. The effect of pH level to the microalgae cultivation is very 
important, especially when flue gas is utilized for microalgae cultivation. The microalgae should be able to tolerate 
the inconsistent concentration of CO2 in the flue gas that results in pH variation in cultivation medium [12]. 
     Fig. 4 shows the effect of pH value of the cultivation medium towards the growth of C. vulgaris. From the figure, 
C. vulgaris showed a similar trend of growth at pH of 5, 7 and 9 with maximum biomass obtained ranging from 1.02 
to 1.40 g/L after 14 days of cultivation. Nevertheless, for microalgae cultivated under extreme acidic (pH 2) and 
extreme alkaline (pH 12) condition, the microalgae did not exhibit a satisfactory growth. The growth of microalgae 
at pH 2 and pH 12 was stagnant and showed no significant increment of biomass produced even after 14 days of 
cultivation. This result also indicated that the C. vulgaris used in the present study could adapt well under wide 
range of pH medium (pH 3-9) and hence, suitable for outdoor cultivation or scale-up purpose. 
 
 
 
 
B
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ass productivity (g/L
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Fig. 4: Effects of pH value towards the growth of C. vulgaris. Culture condition: amount of goat nutrients= 50 mL, 
amount of seed= 100 mL and illuminated for 24 hours continuously for 15 days.  
 
 
3.3 Effects of light intensity 
 
     Different light intensity has shown to be capable of stimulating the growth of microalgae and synthesis of 
different intracellular molecules within the microalgae cells [13]. In the present study, the effect of different colour 
filter towards the growth of microalgae was studied. There were 5 colours chosen for these experiments which were 
orange, purple, green, blue and red. Table 1 shows the light intensity in the cultivation medium after filtered by 
different colour filter. From Fig. 5, it was observed that microalgae cultivation with orange colour filter recorded the 
highest biomass yield (1.15 g/L) than other colour filters. This concludes that different light intensity could have 
significantly impact towards the growth of microalgae and thus, resulted to change in overall biomass yield. It 
should be noted that although orange colour filter resulted to the highest microalgae biomass yield, however, it was 
still lower compared to experiment without any colour filter (1.4 g/L). Nevertheless, the present experiment 
parameter paved a preliminary result if the microalgae is cultivated under outdoor environment, in which the 
sunlight intensity is varied by time and strongly affected by weather.  
 
 
Table 1: Light intensity in the cultivation medium after filtered with different colour filter 
Colour Light intensity (µmol.m-2.s-1) 
Blue 
Purple 
5.00 
5.67 
Green 9.18 
Red 15.12 
Orange 34.16 
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Fig. 5. Effects of colour filter (change in light intensity) towards the growth of C. vulgaris. Culture condition: 
amount of goat nutrients= 50 mL, amount of seed= 100 mL, pH 9, and illuminated for 24 hours continuously for 10 
days. 
 
 
3.4 Lipid extraction 
 
     In the present study, lipid from dried microalgae biomass was extracted by using mixture of methanol and 
chloroform with volume ratio of 2:1 (Bligh & Dyer method). The total microalgae lipid extracted was 30 %, which 
was within the range of total lipid of C. vulgaris reported in the literature (between 5% to 40%) under phototrophic 
cultivation condition [14].  
 
 
4. Conclusion 
 
     The potential of utilizing plant-based (peat moss) and animal waste-based compost (goat waste) as nutrients 
source to cultivate microalgae were successfully carried out in the present work. It was found that goat waste-based 
compost resulted to higher microalgae biomass yield than peat moss compost, mainly due to higher nutrients 
concentration in the goat waste compost. The optimum microalgae cultivation conditions using goat waste-based 
compost were as follow: 50 mL of goat waste compost in 1 L cultivation, pH 9 and cultivated for 15 days 
continuously.  
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